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The surgical treatment of certain complications of myocardial infarction is now accepted as routine. Resection of chronic left ventricular aneurysms can be carried out with a low operative mortality (Cooley, Hallman, and Henly, I964; Favaloro et al., I968) . Repair of a perforated ventricular septum has given good results, but the mortality has been high in those patients who must be operated on within four weeks of the infarction (Davison et al., I964; Barnard and Kennedy, i965; Campion et al., I968) . The treatment of persistent heart failure due to severe mitral regurgitation from rupture or dysfunction of a papillary muscle is also well established (Morrow et al., I968). Even biventricular aneurysms combined with an acquired ventricular septal defect have been treated successfully (Stinson, Becker, and Shumway, I969) . However, there is still a large number of victims of myocardial infarction who suffer from complications for which medical treatment has little to offer at the present time. These complications include cardiogenic shock and chronic congestive heart failure.
Left ventricular asynergy Attention is now being directed to the problem of focal asynergy of the left ventricular myocardium. This condition is one of the causes of cardiogenic shock and pulmonary oedema in the acute stage of the infarct, and of chronic left ventricular failure later. Gorlin, Klein, and Sullivan (I967) classified cases of ventricular asynergy according to the cine-angiographic findings into akinesis (lack of wall motion), and dyskinesis, or paradoxical movement. They found that akinesis was twice as common as dyskinesis, and that one or other form of asynergy was present in 24 of ioo patients with coronary artery disease submitted to cine-ventriculography.
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Pulmonary oedema unresponsive to medical treatment has been thought in the past to be due to 'muscle failure'. Cardiogenic shock is a term which probably encompasses a variety of different pathological conditions, but when it is associated with a low cardiac output, muscle failure is thought to be responsible at least in some cases. Similarly, chronic congestive cardiac failure and low output in patients with coronary artery disease is normally attributed to myocardial ischaemia and fibrosis, leading to a diffuse loss of ventricular contractility. In some of these patients, necropsy fails to confirm the expected severity of generalized muscle atrophy.
Recent studies of ventricular function in myocardial infarction have identified a group of patients in whom localized left ventricular dysfunction is responsible for the haemodynamic disturbance. With increasing experience, investigators have become bolder in applying these techniques to patients soon after an episode of infarction. Coronary arteriography has been carried out safely within I0 tO 2I days of an infarct (Miller and Mymin, I968 (Herman et al., I967) . It is likely that an asynergic area develops in all cases of myocardial infarction, but restoration of function probably occurs in the majority of cases in a relatively short time. Techniques of investigation Some newer techniques, such as ultrasonic echography (Kraunz and Kennedy, 1970) , radarkymography (Kazamias et al., 1970) , and electrical impedance cardiography (Krohn et al., I969) , may allow the recognition ofasynergic areas with less disturbance of the patient, and perhaps more accuracy, but at present quantitative left ventriculography is essential so that the geometry of the end-systolic and end-diastolic areas can be observed and the volumes calculated. Advances in electronic data processing by 'brightening' the area of opacification enable this to be done with quite small quantities of contrast material (Tsakiris et It has been suggested that patients with post-infarction akinesis can be recognized clinically by the presence of a third heart sound, an enlarged transverse cardiac diameter, and electrocardiographic evidence of left atrial hypertrophy (Harrison, Crawford, and Lau, I969) . These features might be a guide in selecting patients for angiography, but are hardly specific.
Experimental excision of infarcts Several experimental studies have shown the beneficial effects of excision of an infarct produced by progressive ligation of coronary arteries. Gordon Murray, the lone pioneer in so many branches of cardiac surgery, made the earliest attempts at excision of experimental infarcts nearly a quarter of a century ago (Murray, 1947 (Harman et al., I969) . Orthopnoea, paroxysmal noctumal dyspnoea, and fluid retention were abolished. Two of them died at eight and nine months, but without a recurrence of congestive heart failure. These patients were carefully studied before and after operation. They all showed haemodynamic improvement, including an increase in cardiac index and a fall in left ventricular enddiastolic pressure. These authors considered that anterior location of the infarct, occlusion of the anterior descending artery with patency of the other two, a large end-diastolic volume, and a low ejection fraction were all factors favouring operation.
An interesting group of six patients was reported by Najafi et al. (1970) . They were all dying from cardiogenic shock. All had severe hypotension, oliguria, and intractable metabolic acidosis, and were semicomatose. Three had had cardiac arrests. They all had left ventricular aneurysms, which were resected, and three had infarcts resected in addition.
One patient died from myocardial insufficiency. The others were all alive at periods of three months to three years after operation. The hazard of induction of anaesthesia was obviated by preliminary veno-arterial bypass via the femoral vessels under local anaesthesia.
Infarct excision and revascularization Since direct revascularization procedures have been introduced, it has been suggested that the prognosis in patients who require aneurysmectomy may be improved if a coronary artery graft is carried out at the same time (Johnson and Lepley, I970) . It is clear that the same argument applies to cases of ventricular asynergy, and this procedure might help to avoid the disappointment of deaths within weeks or months of operation. Kay et al. (I970) treated 31 patients with chronic ventricular asynergy, combining the operation on the left ventricle with internal mammary implantation. Eight out Of I5 patients who had an excision of one-third to one-half of the left ventricle during a short period of cardiopulmonary bypass recovered. Because of the critical condition of these patients in the postoperative period, another group of I0 patients was treated by exclusion of the inactive part of the ventricle. This was done by passing mattress sutures on a large needle through the ventricle from the posterior to the anterior wall, and tying them over strips of Teflon felt. No bypass was required. Three of the I0 patients died.
Asynergic areas of the posterior wall of the left ventricle present a more difficult problem, because excision would compromise the origin of the posterior papillary muscle. Kay et al. (1970) solved this problem by plication or imbrication of the affected area. There were no deaths among the six patients who were treated in this way.
All the surviving patients were said to be improved, but there are no clinical details in this paper. The mean ejection fraction improved from 0o39 to o'55 in five patients who were studied before and after operation.
Direct reversed saphenous vein grafts from the aorta to a distal coronary artery branch are practicable in the majority of patients requiring revascularization operations (Johnson and Lepley, I970; Effier, Favoloro, and Groves, 1970) . Any coronary artery branch of 2 mm. or more in diameter can be used for an anastomosis, and there is an increasing tendency to use multiple grafts. Moreover, it is now realized that patent healthy distal branches can be found beyond most obstructions and lengths of atheromatous artery (Johnson and Lepley, I970) . Assuming that these anastomoses will have a long-term patency rate better than similar small-vessel anastomoses in the lower limb, it seems logical to combine operations for ventricular asynergy with saphenous vein grafts, when extensive obstruction of the arteries remote from the infarcted area has been shown. Another reason for considering this approach is the lack of improvement in left ventricular function after internal mammary implantation (Manchester and Gorlin, I969) . Moreover, these patients require an immediate improvement in their coronary circulation, whereas the benefit of internal mammary implantation is delayed for some months.
Operative localization of asynergic areas One difficulty which has been encountered at operation in these cases has been the localization of the area of asynergy. The limits of a ventricular aneurysm are usually obvious from the external aspect of the heart, and clearly visible from within the cavity. Schimert et al. (I970) have advised ventriculotomy to delineate the asynergic area, but this should be avoided if possible because of the increased risk of a low output state in the post-operative period. Others have used intravenous fluorescein, with observation of the myocardium under ultraviolet light (Armellini, Mersheimer, and Burman, I968) . This shows the ischaemic area well, but if the epicardial fat is more than 2 mm. thick no fluorescence can be seen in those areas. Moreover, the skin and conjunctivae are stained yellow for several days afterwards. Methylene blue injected into the root of the aorta has also been used, but abandoned because of a suspicion of toxicity (Zikria et al., I967) .
A promising new method of localization of the area of damaged myocardium has been introduced by Daniel et Johnson and Lepley (I970) in saying that these factors should now be disregarded, but it would certainly be reasonable to look for areas of focal asynergy in such patients with intractable angina who have been refused surgical treatment, and reconsider revascularization and the possible benefit of an operation on the ventricular wall.
Thirdly, we must consider the question of improving the prognosis of patients with large non-functioning areas of the left ventricle. Kay et al. (I970) found that half the patients who were refused revascularization operations on this account died suddenly in one year or less. The mortality in this group from surgical treatment is about 30 per cent. It is too early at present to say whether surgical treatment improves the prognosis, and this is the only criterion of benefit in these patients. Those patients with intractable heart failure have little to lose, and if localized ventricular asynergy can be shown it seems reasonable to assess the advantages, if any, of resection of the asynergic area.
Finally, we must consider whether surgical treatment can help the patient with an acute infarct who is suffering from cardiogenic shock or pulmonary oedema unresponsive to the usual medical treatment. The mortality of these conditions is still in the region of 6o-8o per cent, in spite of the use of volume replacement, positive pressure ventilation, and hyperbaric oxygenation. Assisted circulation, of which the most popular technique at the moment seems to be diastolic augmentation by intra-aortic balloon pumping (Kantrowitz et al., I970), is promising, especially for those patients who develop circulatory failure within 36 hours of the infarction. However, Kantrowitz observed that no patient who developed 'shock' more than 36 hours after the infarction survived, and seven out of these eight patients died of ventricular rupture. Since it seems unlikely that the form of circulatory assistance was responsible for the ventricular rupture, Kantrowitz suggests that the assistance enabled the patient to survive long enough to allow the natural evolution of the infarct. In this group at any rate one should consider emergency resection of the infarct after radiological investigation, once the patient's condition has been improved by the circulatory assistance. Further investigations will be necessary to determine the frequency of localized necrosis in these cases, where death is probably related to the large amount of myocardium involved. It will also be important to follow patients who survive cardiogenic shock with the aid of a circulatory assistance device, in order to discover the incidence of cardiac symptoms and of permanent focal ventricular asynergy which may require surgical treatment later. Certainly at present there is no reason to operate on patients of this group in the recovery period.
The road to surgical treatment for coronary artery disease is littered with the wrecks of operations whose supposed benefits lay largely in the enthusiasm of their originators. This uncritical attitude was fostered by the absence of any criteria other than subjective ones by which to measure improvement. We now have the means of making objective assessments of ventricular function as well as of the coronary circulation before and after operation. One hopes that they will be fully utilized, in conjunction with appropriate control series, in the assessment of these promising, but still unproven, procedures. Even more important is to limit the indications for these operations, which will throw additional strain on hardpressed intensive care units, to the most urgent cases. It would be a tragedy if every cardiac surgeon were urged to leap on to this new bandwagon in a series of ill-advised operations with a high mortality, when in a year or two the results ofoperation in a smaller number of carefully selected and investigated patients will permit an assessment of the value of surgical treatmnent. 
